Overview and definitions
Iron can accumulate in the liver in a wide variety of conditions (Table 1) , the clinically most important of which is hereditary hemochromatosis (HH). For the anatomic pathologist the distinction between iron accumulation in HH and other causes can be complicated and success often depends on a combination of morphologic observations, clinical information, genetic studies, and/or quantitative analysis of iron in liver samples. The mere presence of granular iron in liver is referred to a 'hemosiderosis'-this represents a morphologic observation rather than a specific disease entity. Hemochromatosis is a disease state characterized by hemosiderin deposition, however, it has become clear that both adult and juvenile forms of hemochromatosis exist and germline mutations of at least four different genes have been implicated (Table 2) .
Our recently expanded understanding of the genetics of hemochromatosis and the variable phenotypic penetration of the genes has made defining 'hemochromatosis' problematic as there is lack of consensus on whether a genotypic or phenotypic definition should be used. Traditionally, 'hemochromatosis' had been defined clinically, based on the presence of a combination of an otherwise unexplained iron overload, frequent presence of iron overload in relatives, and in later stages end-organ damage (liver, pancreas, etc). Before the landmark discovery by Feder et al 1 of the HFE gene in 1996, within the medical literature there was an inappropriate use of the terms 'homozygous' and 'heterozygous' hereditary hemochromatosis based on phenotypic findings-we now know that many 'heterozygotes' were in fact 'homozygotes' with low phenotypic penetrance of the gene. Following the discovery of the major gene mutations described below, a 'genetic' definition evolved: 'y hemochromatosis is now defined as a disorder of iron metabolism that is inherited as an autosomal recessive trait due to two mutant HFE alleles'. 2 As data regarding HFE mutation penetrance and the genotypic characterization of non-HFE forms of HH have become available it appears that neither a purely phenotypic nor genotypic definition is optimal-see penetrance discussion, below.
Iron homeostasis
The purpose of this article is to provide a practical review of hepatic iron overload for the practicing pathologist. An understanding of the various disease states begins with an understanding of basic iron physiology. Humans modify iron levels through varying the rate of absorption, which occurs primarily in the duodenum, and are incapable of intentionally modifying excretion as there is no normal iron excretory mechanism to control-iron loss occurs normally through sloughing of intestinal lining cells and skin cells in addition to menstrual blood loss in women. Recent detailed reviews of this process exist. 3 Typically iron absorption occurs at a low rate (1-2 mg/day) but this can be upregulated in response to iron deficiency. Key elements of control of iron homeostasis are divalent metal transporter 1 (DMT1), ferroportin, hepcidin, transferrin receptor-2(TFR2), and the HFE protein-mutations in all of these except DMT1 have been shown to figure prominently in the various types of HH.
The function of DMT1 is to act as the mediator for iron absorption on the luminal aspect of the mature enterocyte located on duodenal villi (Figure 1-step  1) . The expression of DMT1 in the mature, villous duodenal enterocyte is determined by the iron content of the immature duodenal crypt cell-low intracellular iron results in increased DMT1 expression and vice versa. Currently, a disease state related to germline mutations of genes coding for DMT1 is not known.
Ferroportin-1 is an iron transporter located on cells that normally export iron: duodenal crypt enterocytes, macrophages, placental cells, and hepatocytes. 4 In enterocytes, ferroportin-1, also known by its gene name SLC40A1, is located on the basal aspect of the mature duodenal enterocyte ( Figure 1-step 2) . Ferroportin expression parallels that of DMT1 and is determined by the iron content of the immature duodenal crypt cell-low intracellular iron results in increased ferroportin-1 expression and vice versa. The function of ferroportin-1 is modified by circulating hepcidin (see below). Mutations in the ferroportin-1 gene characterize 'Type 4' HH and result in predominant accumulation of iron in macrophages, mimicking secondary iron overload or anemia of chronic disease.
Hepcidin is a plasma peptide produced in hepatocytes ( Figure 1-step 4 ) that appears homeostatically regulated largely by anemia and hypoxemia, likely via transferrin receptor-2 and the HFE protein (see below) although the precise mechanism and role of iron is unclear. 5 Hepcidin functions to downregulate ferroportin in enterocytes and macrophages 5 ( Figure 1-step 2) . Thus, decreased hepcidin production results in increased movement of iron from intestinal enterocytes (via ferroportin) into plasma and an increase in total body iron content, and vice versa. Hepcidin also will be increased in response to inflammation. It is normally thought to play a role in microbial defense as iron is vital to invading pathogens; by limiting ferroportinmediated release of iron from cells, hepcidin creates a relatively iron deficient milieu which is unfavorable for the pathogen. 6 If prolonged low hepcidin levels exist, consequences for the patient are accumulation of iron within enterocytes and macrophages and reduced iron availability for erythropoiesis (anemia of chronic disease). Mutations in the hepcidin gene characterize 'Type 2B' HH, a form of juvenile hemochromatosis.
Hepcidin production by hepatocytes is controlled by transferrin receptor-2 (Tfr2), a cell membrane Adult Ferroportin Figure 1 Iron homeostasis.
Step 1 represents DMT1-mediated iron absorption into mature enterocytes.
Step 2 indicates ferroportin-mediated movement of iron from enterocytes (and macrophages) into the circulation.
Step 3 illustrates movement of iron from the circulation into hepatocytes and duodenal enterocytes fostered by the complex of Transferrin receptor 2 and the HFE protein.
Step 4 indicates hepatocyte production and excretion of hepcidin into the circulation. Hepcidin downregulates activity of ferroportin, predominantly in duodenal enterocytes and macrophages (step 2).
protein, and the HFE protein-the complex of Tfr-2 and HFE results in an increase in hepcidin production and corresponding decrease in ferroportinmediated iron transport from enterocytes into plasma ( Figure 1-step 7 This iron was felt to be derived from the bloodstream until 1935 when the British gerontologist Sheldon published his findings from 311 selected patients, concluding that the iron overload was secondary to increased iron absorption. 8 It was not until 1952 that a therapy became available, when Davis and Arrowsmith reported benefits from treating these patients with phlebotomy. 9 In 1962, the antemortem diagnosis of hemochromatosis became available with the developing of a grading system for iron in liver samples was developed by Scheuer et al. 10 Antemortem diagnosis was made easier by the development of reliable serum iron, iron binding capacity, and ferritin testing in the 1960s and 1970s. An HLA locus association was identified by Simon et al 11 in 1975, but the key genetic discovery was the identification of two missense mutations on chromosome 6p in 1996 by Feder et al 1 that accounted for the vast majority of cases of hemochromatosis.
Pathophysiology and Clinical Manifestations of Hemochromatosis
Type 1 HH is by far the most thoroughly studied form of HH and is the type associated with mutations in the HFE gene. 1 It is clear that the fundamental abnormality present in this condition is excessive absorption of iron in the duodenum. Two different theories regarding how the abnormal HFE protein coded by the HFE mutation results in excessive iron accumulation have been proposed ( Figure 1 -steps 3); they are not mutually exclusive. 12 The 'hepcidin hypothesis' suggests that the abnormal HFE protein, when complexing with transferrin receptor (Tfr) on the surface of hepatocytes, results in abnormally low hepatocellular and plasma levels of hepcidin being produced. Hepcidin acts as a negative regulator of dietary iron absorption; thus, the HFE mutation results in excessive iron absorption. The 'duodenal crypt cell programming hypothesis' proposes that the HFE protein, when complexing with Tfr on the surface of crypt enterocytes, normally serves to facilitate uptake of iron into the crypt enterocyte. An abnormal HFE protein thus fails to facilitate iron uptake into the enterocyte, resulting in a relatively iron deficient cell that will then attempt to excessively absorb iron to correct this perceived deficit.
Regardless of the precise mechanism in adult Type 1 HH, the result is a progressive increase of total body iron, reflected by increases in serum transferrin saturation (Tsat) and ferritin, and resulting in abnormal iron deposition, most prominently in hepatocytes but also affecting other organs. In Type 1 HH this iron accumulation is usually clinically inapparent until the fifth or sixth decade, at which time a variety of manifestations may occur (see penetrance discussion below). The most-feared complication, occurring rarely, is progressive hepatic fibrosis and ultimately cirrhosis, accompanied by an increased risk of hepatocellular carcinoma. More common symptoms include diffuse arthropathy and generalized fatigue. Heart disease and heart failure occur in a minority of Type 1 HH patients but are dominant features in the rare juvenile forms of HH. 13 A variety of endocrine disorders are also seendiabetes mellitus, hypogonadism, and hypothyroidism. Rarely seen now is cutaneous pigmentation ('bronze diabetes'). Less well characterized are potential increased risks of extrahepatic malignancy and for infections with systemic iron overload.
Genetics of adult ('type 1') hereditary hemochromatosis

Population Genetics
It appears likely that the initial hemochromatosis mutation occurred within the last 100-120 generations (at 2800) years or so in Northwestern Europe in a Celtic, Viking, or Germanic population.
14 There has been speculation that the propagation of this gene could have occurred because the adverse complications of this mutation did not become evident until after the reproductive years and the iron stores were of benefit to a younger adult population living in a region of possibly limited dietary intake of iron.
14 Proof of this hypothesis remains lacking, however. The worldwide distribution of hemochromatosis reflects the migrations of the originally affected populations-Caucasians in Northwestern Europe, Canada, USA, Australia, New Zealand, and South Africa all have roughly similar gene frequencies of 0.06-1.0 and heterozygous carriage in 10-15% for the major gene mutations.
The HFE Gene
In 1996 Feder et al 1 identified two mutations in an MHC class I gene at chromosome 6p21 which is now named the 'HFE' gene and defines Type 1 HH. The 'major' mutation was a G to A substitution at nucleotide 845 which lead to a cysteine to tyrosine substitution at the amino acid 282, now commonly referred to a the 'C282Y' mutation. The 'minor' mutation was a C to G change at nucleotide 187 which resulted in a histidine to aspartic acid substitution at position 63 ('H63D'). Among patients with marked iron overload ('phenotypic hemochromatosis'), HFE mutations dominate (Type 1 HH). Approximately 80-85% of these patients (range 59-100%) will demonstrate a C282Y/C282Y genotype and approximately 5% (range 4-8%) a C282Y/ H63D phenotype. 13 Rare HFE mutations in loci other than amino acids 282 or 63 do occur. 12, 15 The C282Y/wild-type, H63D/wild-type, and H63D/ H63D 16 genotypes are not associated with phenotypic disease although minor elevations in iron saturation may be present.
HFE Protein
The HFE gene codes for a 343 amino acid protein that is similar to class 1 MHC proteins. 12 The C282Y mutation results in a mutant HFE protein which undergoes accelerated degradation and decreased expression on the cell surface. See the preceding discussion under 'pathogenesis of HH'.
HFE Mutations and Gene Penetrance
The discovery of the HFE mutations by Feder et al 1 resulted in a dilemma as to whether HH should be defined by the clinical and laboratory phenotype or by the genotype. Simply using the genotype is problematic as the expression ('penetrance') of the gene varies widely. There appear to be modifier genes which modulate the expression of HFE mutations 17, 18 which, when coupled with the individual variations of iron loss (such as in menstruating women), result in considerable variation in the clinical expression of at risk (C282Y/C282Y and C282Y/H63D) genotypes.
A system for grading the degree of phenotypic expression of iron overload was developed by Brissot et al 19 using a 0-4 scale. In this system, asymptomatic individuals fall into grades 0-2: grade 0 shows no clinical or serum iron test abnormalities, grade 1 increased serum TSat with normal ferritin, and grade 2 has increased TSat plus increased serum ferritin. Grade 3 encompasses patients with minor symptoms minimally impacting quality of life and grade 4 those with potentially lethal symptoms.
Among 282Y homozygous individuals, the effect of gender on penetrance is particularly evident in grades 1 and 2. In a review, which compiled 153 C282Y homozygous males, 73.7% (range 60-86%) demonstrated an elevated TSat (at least grade 1 disease), with a mean value of 65.3%. 20 In contrast, among 206 women, 50.6% had an elevated Tsat (range 40-100%) with a mean value of 47.1%. 20 Elevated serum ferritin levels (at least grade 2 disease) is seen less commonly than grade 1 both in men (65.4%, range 34-100%) and women (40.5%, range 9-63%). 20 Among C282Y homozygotes with minor symptoms (at least grade 3 disease), joint pain (36% of all patients) and fatigue (32% of all patients) are most common with dark skin, diabetes, and elevations in serum aminoaspartate (AST) being present in about 6-7% of patients each. 20 Grade 4 disease (potentially lethal disease) appears to be very uncommon in C282Y homozygotes, Beutler et al 21 estimating an occurrence of only about 1%.
Non-HFE Hemochromatosis in Adults
Among the remaining 5-10% of phenotypic HH cases in adults, two major categories have emerged. Mutations in transferrin receptor 2 (Tfr 2) result in a disease phenotypically similar to Type 1 HH; this has been referred to as 'Type 3' HH. 12 The ferroportin-1 gene (SCL40A1) on chromosome 2q32 is mutated in 'Type 4' HH. 12 In contrast to the aforementioned types of HH, iron accumulation may occur predominantly in reticuloendothelial cells and phlebotomies are not beneficial. 17 A recent detailed review exists. 22 
Juvenile hemochromatosis
Juvenile forms of hereditary hemochromatosis are much less common than adult forms and come in two forms, referred to as 'Type 2A' and 'Type 2B' HH. 17 Type 2A reflects a mutation in the hemojuvelin gene at chromosome 1a21, is autosomal recessive, and tends to present with prominent cardiac iron deposition before the age of 30 with resulting risk of heart failure and potential hypogonadism. Hemojuvelin appears to function as a regulator of hepcidin. 23 Type 2B is the result of a mutation in the hepcidin gene at 19q13, is also autosomal recessive, and phenotypically is similar to HFE-type HH. 17 
Neonatal Hemochromatosis
Neonatal hemochromatosis is not inherited, is unrelated to juvenile and adult forms of HH, and remains of uncertain pathogenesis. 24 Neonatal hemochromatosis may present in late second or third trimester as fetal loss or in the hours to weeks after birth as acute liver failure and often multiorgan failure. Histologically, iron deposition within hepatocytes rather than Kupffer cells is typical, with iron deposition to a lesser degree occurring in non-hepatic organs as well. In addition to the iron deposition, hepatic injury in the form of occasionally marked lobular necrosis and regeneration occurs typically and cirrhosis is common.
Histopathology of adult hereditary hemochromatosis
The hallmark of Types 1 (and 3) HH is the deposition of hemosiderin in hepatocytes and biliary epithelium (Figures 2-4 ) rather than reticuloendothelial cells. 25, 26 Hemosiderin is insoluble and particulate in nature and will appear granular with iron stains. 26 Alternatively, iron may be deposited in the form of ferritin which is soluble and characterized by diffuse, non-granular light blue staining of the hepatocyte or macrophage cytoplasm and is very non-specific and not characteristic of genetic hemochromatosis.
In early phases of disease, hemosiderin is deposited in periportal (zone 1) hepatocytes ( Figure 2 ). As progressive iron accumulation takes place, midzonal (zone 2) and centrilobular (zone 3) hepatocytes will progressively accumulate iron (Figure 3 ) as will biliary epithelium (Figure 4) . A variety of systems exist for grading hepatic iron deposition histologically, almost all using the general principles of grade increasing with greater amounts of iron and progressive involvement of hepatocytes beginning in zone 1 (periportal) and eventually extending to zone 3 (pericentral). By contrast, iron deposition in hematologic disorders occurs primarily in the reticuloendothelial system (Kupffer cells) and, when present in large quantities, 'spills over' into the hepatocytes to a lesser degree ( Figure 5) . Thus, the finding of iron deposited primarily in Kupffer cells is not in keeping with hemochromatosis (other than the rare HFE 4 'ferroportin disease').
As iron accumulates, eventually individual hepatocytes will accumulate lethal levels of iron and undergo 'sideronecrosis'. The locally released iron is then taken up into macrophages, however hepatocellular iron will continue to dominate (Figure 4 ). Macrophage iron is linked to progressive fibrosis. 26 Precirrhotic portal and periportal fibrosis takes on a 'holly leaf' configuration. When cirrhosis is present, it is bland in nature with fine fibrous tissue septa surrounding regenerative nodules.
Steatosis is not an a priori component of HH, however, with the high prevalence of obesity among populations prone to develop Type 1 HH it is not surprising that fat is not uncommonly present in HH. In Australia, 41% of C282Y homozygote Type 1 HH patients had some steatosis and in 14.5% it was moderate or severe. 27 Concurrent steatosis may be a co-factor for accelerating fibrosis in HH. 27 Paradoxi- cally, however, there is evidence that obesity may suppress the likelihood of C282Y homozygotes demonstrating phenotypic expression of their disease in the form of an elevated serum iron saturation. 28 Patients with HH have an estimated 240-fold increased relative risk of developing hepatocellular carcinoma, with the degree of risk correlating with the amount and duration of iron overload and degree of fibrosis. 29 Currently iron is felt to play a carcinogenic of co-carcinogenic role through the production of iron-mediated oxidative stress, tumor growth facilitation, and/or immune system modification. 29 Another histologic feature described in the hemochromatotic liver is the iron free focus, (Figure 6 ) characterized by a localized zone of relative reduction of hepatocytic iron. 29 This lesion is purported to represent an early step in the development of hepatocellular carcinoma. Both the clinician and the pathologist should maintain a high index of suspicion for hepatocellular carcinoma in HH as it may occur in up to one-third of patients with cirrhotic stage hemochromatosis. 30 
Differential diagnosis of hemosiderosis
It should be recognized that hepatic hemosiderin deposition may occur in a wide variety of disease states other than genetic hemochromatosis (Table 1) although mechanisms remain obscure in most cases. In general, thorough clinical evaluation and careful histologic examination can distinguish these conditions from genetic hemochromatosis although biochemical analysis of liver tissue iron (see below) or genotypic analysis may be necessary in ambiguous cases.
Hematologic Disorders
Transfusions and chronic hemolytic disorders commonly lead to hepatic hemosiderin deposition. Transfusional iron tends to accumulate in Kupffer cells and is thus easily distinguished from the hepatocellular iron of most forms of genetic hemochromatosis. Iron following hemolysis tends to be deposited in both hepatocytes and Kupffer cells and thus demonstration of hemolysis by laboratory means is very helpful in distinguishing hemolysisrelated hemosiderosis from genetic hemochromatosis. Anemia of chronic disease can also lead to Kupffer cell iron deposition and it is not uncommon for very mild Kupffer cell iron to be present with no identifiable clinical correlate.
Cirrhosis-Associated Hemosiderosis
Accumulation of hemosiderin is fairly common in cirrhosis of any type; Ludwig et al 31 noted stainable hemosiderin in 145/449 (32.4%) of cirrhotic livers. Furthermore, formal iron quantitation revealed increased hepatic iron concentration in 91/449 (20.3%), including 38 cases (8.5%) in which the level was in the HH range (hepatic iron index 41.9).
26 Dominant hepatocellular iron, similar to that seen in HH, is not uncommon; however, in this study it was felt that HH only accounted for five of 145 instances of hepatic hemosiderosis occurring in cirrhosis. Other authors have noted similar observations. 32 In cases of cirrhosis with iron deposition, one is usually able to determine whether homozygous HH is present using traditional means of assessment, however, in ambiguous cases genetic analysis may play a helpful role. The etiology for the iron deposition remains unclear, but patients with biliary cirrhosis seem to be less prone to accumulate iron (7-20%) than are patients with non-biliary cirrhosis (22-67%).
In summary, while some cases of cirrhosis with iron deposition could represent mildly penetrant homozygous HH or heterozygous HH, it seems clear that iron deposition can occur in cirrhosis as a secondary phenomenon, may be hepatocellulardominant morphologically, and may give 'false positive' hepatic iron indices 41.9.
Alcohol
Alcoholic steatohepatitis is one of the more common non-hemochromatotic causes of hepatic hemosiderosis and may reflect increased intestinal iron absorption. 33 Histological features include fatty infiltration and varied degrees of inflammatory reaction. Generally, stainable hepatic iron is only mild in such instances, but at times it is sufficient to cause confusion with regard to the question of genetic hemochromatosis. Measurement of hepatic iron concentration was originally applied to making this distinction 34 and may still play a role.
Chronic Viral Hepatitis
Chronic viral hepatitis is not uncommonly accompanied by hepatic hemosiderin, which is generally mild and much less than would be expected for reasonably penetrant HH. The hemosiderin deposits can be present in Kupffer cells, hepatocytes (with a zone 1-3 gradient), and/or portal areas. 35 Depletion of the iron through phlebotomy appears to lower serum transaminase values, decrease inflammation, and may slow progression of the hepatitis C. 36 While data have been variable, it is not clear that the amount of stainable iron predicts the likelihood of viral eradication with interferon and ribavirin therapy. 37 
Quantitative analysis of liver tissue iron
Overview
In the past 25 years, measurement of iron concentration in liver biopsy specimens has proven to be a valuable diagnostic tool that has also served to broaden our concept of hemochromatosis. 38 Its value has diminished in the era of genetic testing but iron quantitation can still play a diagnostic and prognostic role in some instances. Tissue iron analysis must be performed in a highly qualified laboratory where rigorous control of processing and analytical procedures are followed to assure accurate results. The actual analysis is typically performed in a graphite atomic absorption spectrophotometer. The results are reported in mmol/g dry weight or in mg/g dry weight. Normal values in the Mayo Metals Laboratory are 7.2-39.4 mmol (400-2200 mg) per gram dry weight in men and 1.8-28.6 mmol (100-1600 mg) per gram dry weight in women. The variation of repeated determinations on the same test sample is approximately 5%.
Mild to moderate iron overload (1-2 þ ) generally correlates with quantitative iron values between 3000 and 10 000 mg Fe/g dry weight liver (Figure 2) . Grades 3 and 4 iron histologically generally reflect 410 000 mg Fe/g dry weight liver (Figure 3) . In uncomplicated HH, most patients with iron concentrations of 22 000 mg Fe/g dry weight liver likely will have developed fibrosis as well. 38 The concept of the hepatic iron index (HII) was introduced by Bassett et al 38 in 1986 , and it has proven useful, especially in the interpretation of mild to moderate degrees of hepatic iron overload. The HII was developed to account for the progressive iron accumulation that occurs over time in HH-a given amount of iron at age 25 indicates a more rapid accumulation of iron than the same amount of iron in a 50-year-old individual ( Figure 7 ). The index is simply calculated by dividing the hepatic iron concentration in mmoles/ g by the patient's age and is expressed in micromoles/g/year. As the hepatic iron concentration is often reported in mg/g, the value must be divided by 55.8 to convert it to mmoles/g. An HII of 1.9 or greater (in normals, the index is usually o1.0) was previously felt to indicate 'homozygous hemochromatosis'. However, in the context of subsequent Figure 7 Quantitative iron analysis and hepatic iron index (HII). The quantity of measured iron (left y-axis), in the context of the patient's age (x-axis), results in the hepatic iron index, defined by iron quantity in micrograms divided by the patient's age divided by the atomic weight of iron (55.8). An HII value of 1.9 (solid line) represents the traditional (pre-genetic testing) distinction between 'homozygotes' (HII 41.9) and 'heterozygotes (HII o1.9). Current thought is that values 41.9 (dotted lines) reflect patients at risk for developing adverse consequences from iron overload and values o1.9 (hatched line) patients at little/no risk for adverse consequences from iron overload; many true C282Y homozygotes will have HII values below 1.9. The patient illustrated in Figure 2 is plotted as an example-if one assumes abnormal iron accumulation beginning early in life and continued iron accumulation, this patient will find themself with fibrosiscausing levels of liver iron while still in mid-adulthood if untreated.
knowledge gleaned about the penetrance of C282Y homozgosity, it appears that an HII of 1.9 or greater actually identifies patients at risk for symptomatic disease (ie clinical grades 3 and 4). Presence of stainable hepatocyte iron with zone 1 predominance and HII values o1.9 are likely largely composed of C282Y homozygous with mild penetrance (clinical grades 1 and 2) and C282Y heterozygotes.
Utility of Hepatic Iron Concentration
There is a reasonable correlation between visualized hemosiderin and quantitative iron values, in contrast to quantitative copper analysis. Specifically, if the pathologist finds little stainable iron, measurement of hepatic iron concentration is unnecessary. Conversely, if there is histological evidence of heavy iron deposition, the hepatic iron concentration may be superfluous. For diagnostic purposes, quantitative iron analysis adds little to histologic estimation of iron content in the context of biochemical, clinical, and genetic information. However, quantitative iron analysis can provide objective data on disease penetrance and estimated phlebotomy duration before iron depletion is achieved.
Quantitative iron analysis has been applied to the potentially difficult differential diagnosis of alcoholic siderosis vs hereditary hemochromatosis. Most literature on this topic was published before the discovery of the HFE gene, however, quantitative analysis still may occasionally play a role. In alcoholic liver disease, the hepatic iron concentration rarely exceeds two to three times the upper limit of normal, 39 and the HII will generally be o1.9. On the other hand, alcoholic patients with heavy iron overload (for example, 45 times normal hepatic iron concentration) have been shown to have genetic hemochromatosis of the homozygous form. 40 Alcohol likely works in synergy with iron to aggravate tissue injury and may give rise to cirrhosis in the hemochromatotic earlier than would be expected with iron overload alone. 40, 41 Although the validity of the hepatic iron index has been confirmed in several studies, there are instances where available evidence and clinical judgment support another interpretation. Firstly, iron quantitation and hepatic iron index determination for diagnostic purposes should be restricted to cases in which the histologic distribution of suggests genetic hemochromatosis, that is hepatocellular iron predominates over Kupffer cell iron, and a reasonable clinical explanation for iron overload does not exist. Transfusional hemosiderosis, particularly in younger individuals, can easily lead to hepatic iron indices in excess of 1.9. Second, the utility of the hepatic iron index in the pediatric population has not been demonstrated and thus should be used in this group with utmost caution if at all. Third, as discussed above, it should be kept in mind that the index was originally applied to cases of early hemochromatosis and must be interpreted cautiously in patients with advanced chronic liver disease as 'false positive' hepatic iron indices in cirrhosis are common. 31 As measurement of hepatic iron concentration is not always available, Deugnier et al 42 have investigated the utility of a histologic hepatic iron index based on detailed and systematic grading of iron deposits in various locations of the liver lobule. In their hands, this provided similar results to biochemically determined HII. A computerized assessment of hepatic iron can be performed on a standard histologic slide stained for iron as well. 43 
